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FOUTZ E T  AL.: NONDORMANT ALFALFA CLONES 
Relationship Between Physiological and Morphological 
Characteristics and Yield of Nondormant Alfalfa Clones1 
A. L. Foutz, W. W. Wilhelm, and A. K. Dobrenz2 
ABSTRACT 
Alfalfa (Medicago sativa L.) breeders are constantly 
striving to improve the productivity of alfalfa. Yields 
have been increased primarily through the selection of 
plant materials resistant to insects and diseases. The ob- 
jective of this study was to evaluate physiological char- 
acteristics which might be used as selection criteria in 
alfalfa improvement. Alfalfa clones were grown under 
field conditions on a Mojave clay loam soil. Carbon 
dioxide flux was evaluated in a closed system using an 
infrared gas analyzer. The physiological variables mea- 
sured in these studies did not account for the varialion 
in yield among the clones. Apparent photosynthetic rates, 
dark respiration rates, and postillumination CO, burst 
rates expressed as mg CO, dm-% hour-I were not correlated 
with dry matter production. However, when these phy- 
siological factors were multiplied by leaf area and ex- 
pressed as total CO, exchange per plant per hour, there 
was a significant relationship between yield and these 
calculated variables, in both studies. Regression analyses 
of more than 30 factors indicated that leaf area, leaf 
to stem-petiole ratio, and leaf weight per plant accounted 
for more than 95% of the variation in yield among 
alfalfa clones. The data from these studies suggest that 
morphological factors were more reliable indicators of 
alfalfa productivity than physiological factors. 
Additional index words: Photosynthesis, Respiration, 
Leaf Area, Leaflet to stem-petioles ratio, Leaflet weight. 
Y I E L D  is a function of the quantity of the photo- 
synthetic products available for plant growth (1 1). 
However, little evidence exists that photosynthetic 
rates per unit leaf area are correlated with yield of 
individual genotypes within the same species. Culti- 
vars may have high potential photosynthetic activity 
per unit leaf area and yet not produce a high yield 
because of genetic or environmental factors which 
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would limit the utilization of this potential. Heichel 
and Musgrave (9) observed differences in mean photo- 
synthetic rates of 100 and 20070 among several inbred 
lines and open pollinated cultivars of maize (Zea mays 
L.). Carlson et al. (2) suggested that differences in 
photosynthetic rates in alfalfa (Medicago sativa L.) 
were heritable and increased yields could be obtained 
by selection for increased photosynthetic potential. 
Yoshida (15) suggested that dry matter production of 
a single plant must be correlated with the product of 
leaf area and photosynthetic rate. Delaney and 
Dobrenz (4) found that dry matter forage yield of a 
single alfalfa plant was significantly correlated with 
the product of apparent photosynthesis and leaf area 
per plant. Several researchers (5, 7, 11) found that 
dry matter production was dependent on leaf area 
rather than photosynthetic rate. 
Alberta (1) indicated that respiration was an im- 
portant factor which contributed to the dry matter 
production of closed canopies, but that it had received 
far less attention than photosynthesis. Ishizuka (10) 
suggested that a simple way to obtain higher yields 
would be to lower respiration as much as possible. 
However, Delaney and Dobrenz (4) found that dark 
respiration rates per unit leaf area were not signifi- 
cantly associated with dry matter production in alfalfa. 
Decker (3) first demonstrated photorespiration in 
1955 as a post-illumination burst of COz. Since then 
many researchers (12, 14, 16) have studied photo- 
respiration and noted considerable variation in photo- 
respiratory rates among species. Zelitch (17), Zelitch 
and Day (18), and Wilson (14) suggested that net 
photosynthesis was decreased in many plant species 
because of high rates of photorespiration. They con- 
cluded that increased COz uptake could be achieved 
by selection for plants with low photorespiratory rates. 
Zelitch (17) noted that the carbon dioxide compensa- 
tion point was a function of photorespiration. Decker 
(3) stated that net photosynthetic rate and photo- 
respiratory rate measured by the C 0 2  compensation 
point was probably the most useful index of photo- 
synthetic efficiency available to plant breeders. Heichel 
(8), on the other hand, suggested that the COz com- 
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pensation point may not reflect respiratory activity. 
He concluded that GOz compensation points would 
be of little value for screening inefficient species for 
lines low in photorespiration. Researchers (6, 14) 
have reported differences in COz compensation points 
among species of the genera Lolium, Triticum, and 
Aegilops. They concluded that the investigation of 
these genera for low COz compensation points would 
be valuable. 
Photosynthesis by leaves accounts for most of the 
carbon dioxide incorporated into a plant. Researchers 
have, therefore, looked at leaf characteristics for a basis 
of selection of plants with high photosynthetic rates. 
Pearce et al. (13) and Carlson et al. (2) observed posi- 
tive correlations between specific leaf weight and net 
photosynthesis. Differences in plant populations in- 
dicated that specific leaf weight was heritable and that 
there was a possibility of increased net photosynthesis 
in plants selected for high specific leaf weight. Delaney 
and Dobrenz (4) concluded that palisade tissue thick- 
ness of alfalfa leaflets could be used as selection cri- 
terion for photosynthetic potential. 
The obiectives of this research were to evaluate 
Table 1. Means of morphological variables measured on five 
alfalfa clones in the space-planted study in 1972. 
Variable 
Specific Leaflet:stem 
Clone Yield leaf weieht wtiole ratio Leaf area 
glplant mg/cm2 g/g dm21plant 
1 6 3  b* 3.97 a 0.56 cd 59 cd 
3 33 c 3.75 b 0.48 d 32 d 
22 127 a 3.32 b 0.62 be 154 a 
29 70 b 3.63 b 0.73 a 87 bc 
39 95  ab 3.44 b 0.65 b 110 b 
*Means in the same column followed by the same letter are not significantly 
different at the 0.05 level according to Duncan's new multiple range test. 
Table 2. Correlation coefficients between yield and several phy- 
siological and morpholoqical variables of five alfalfa clones 
in t6e ~ ~ a c e - ~ l a n t d  study in 1972. 
Parameter r 
Apparent photosynthesis (mg C 0 2  dm"hour-I) -0.05 
Dark respiration (mg COz dm' hour-') -0.42 
Post-illumination burst (mg C 0 2  dm"hour-3 -0.11 
Total apparent photosynthesis (mg GO2 plant-' hour-') 0.90** 
Total dark respiration (mg COz plant-' hour-') 0.64** 
Total wst-illumination burst ( m ~  GO7 plant-' hour-') 0.65** 
genotypic ;ariation of several physiological and mor- Leaf Gea (dm2) - -  0.90** Specific leaf weight (mg/cm2) -0.22 phological factors among selected genotypes of alfalfa Leaflet:stem petiole ratio (gig) -0.35 
and to evaluate the relationship between the physio- 
logical factors, morphological factors, and yield in **Significant at the 0.01 level. 
both space-planted and nonspace-planted studies. pumped out of the chamber through a drying column of 6 to 
16 mesh moisture-indicating silica gel. A 250 ml flask was 
MATERIALS AND METHODS inserted in the system to alleviate fluctuations in pressure be- 
fore the gas entered the Beckman 215 Infrared Gas Analyser. 
S~ace-Planted Studv The air was then reintroduced into the vlant chamber. The 
I 
Alfalfa clones in this study were selected from the 38 parental 
components of an experimental alfalfa, 'Reselect Sonora,' de- 
veloped by Dr. M. H. Schonhorst a t  the Univ. of Arizona. Selec- 
tion was based on dry matter production. Yields of the polycross 
progeny of the five clones when compared to the check cultivar 
'Moapa' were 125, 125, 113, 103, and 101% for clones 22, 25, 
39, 3, and 1, respectively. One cutting from each of the five 
clones was space planted, 12 Aug. 1970, on 81.4 cm centers in 
a randomized complete block design with 20 replications. The 
plot was located at the Tucson Plant Materials Center, Tucson, 
Ariz., on a Mojave clay loam soil. 
Nonspace-Planted Study 
Eleven alfalfa genotypes were selected from 59 clones of 
'Mesa-Sirsa' alfalfa also provided by Dr. M. H. Schonhorst. The 
11 clones were chosen on basis of differences in specific leaf 
weight (SLW). Stem cuttings were made and transplanted to 
the field at the Tucson Plant Materials Center in March 1972. 
Cuttings were transplanted in a randomized complete block 
design with 10 plants of each genotype in each of three replica- 
tions. The plants were spaced on 20 cm centers to simulate 
the competition in a mature stand of alfalfa. 
Physiological Variables 
Apparent photosynthetic rates (AP), dark respiration (DR), 
post-illumination CO, burst rates (PIB), and CO, compensa- 
tion points (CCP) were measured using a closed system. Six 
stems, 30-cm long, were cut and placed in a 65-ml vial of water 
in the cvening from which each of the clones in three and four 
replications for the nonspace and space-planted studies, respec- 
tively. The sterns were allowed to equilibrate in the dark un- 
til the following morning when the measurements were made. 
Five stems were used to determine CO, competition points. 
The remaining stem was used to measure photosynthesis, dark 
respiration, and post-illumination CO, burst rates. 
The volume of the closed system was 1.1 liters. Air was 
curculated with a diaphragm pump at 6.9 liter min-l. The 
system was flushed with gas at ambient levels of CO, of approxi- 
mately 360 ppm, after the cut stem had been placed in the 
glass chamber. The chamber was then sealed and the air 
change in GO, concentration/unit time Gas monitored on a 
Beckman recorder. The light source was seven Sylvania 500- 
w flood lamps submerged in 15 cm of running water for tem- 
perature control. Photosynthesis measurements were ~nade  with- 
in a range of light intensity of 107.6 Klux at the top of the 
stem to 43.0 Klux at  the base of the stem and at a temperature 
of 30 + 2 C. Measurements Itrere made in a range of CO, 
concentration of 360 to 280 ppm CO,. 
Apparent photosynthesis, dark respiration, and post-illumina- 
Lion CO, burst rates were calculated from the change in con- 
centration of CO, in ppm/unit time. These values were cor- 
rected for temperature and pressure, and expressed on a unit 
leaflet area arid leaflet weiiht basis. ~ a r b d n  exchange para- 
lneters were multiplied by the total leaf area/plant to generate 
total carbon exchange parameterslplant (TAP, TDR,TPIB). 
Morphological Variables 
Leaf area. was determined with an air flow planimeter. Leaf- 
lets were dried at 80 C for 24 hours and leaflet dry weight 
was used to calculate specific leaflet weight (SLW) (14). Five 
Ftems were selected from each experimental unit at each 
harvest and leaflets were separated from the petioles and stems. 
These components were dried at 80 C for 24 hours, weighed, and 
used to determine leaflet to stem-petiole ratios (L/S). Yields 
on a per plant basis were determined on the same plants, and 
on the same dates that the physiological variables were evalu- 
ated. Leaflet area/piant (LA) was determined by dilriding 
total leaf weightlplant (LW) by SLW. 
RESULTS 
Morphological Variables 
- 
Significant differences in dry matter production 
were noted among the five selections (Table 1) in 
the space-planted study. These data on dry matter 
production coincided with the data (personal com- 
munication, M. N. Schonhorst, Univ. of Arizona, 1970) 
on polycross progeny dry matter production used to 
select the five genotypes. Average dry matter produc- 
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tion for clone 3 during the 1972 growing season was 
33 g/plant/harvest, whereas Clone 22 produced an 
average of 127 g/plant/harvest. 
Specific leaf weight (SLW), leaflet area per plant 
(LA), and leaflet to stem-petiole ratio (L/S) were 
significantly different among the five clones used in 
the space-planted study (Table 1). The higher yield- 
ing clones exhibited greater LA and L/S ratios than 
the lower yielding clones. Leaflet area per plant was 
highly correlated with dry matter production per 
plant (r = 0.90""; Table 2).3 
The results of the nonspace-planted study were very 
similar to the results obtained from the space-planted 
study. Dry matter production varied significantly 
among the 11 genotypes studied (Table 3). The aver- 
age yield/harvest ranged from 224 to 79 g for clones 
37 and 32, respectively. Several of the morphological 
* * indicates significance at the 1% level. 
Table 3. Means of morphological variables measured on 11 al- 
falfa clones in the nonspace-planted study in 1972. 
Leaflet:stem Specific 
Clone Yield Leaf area Leaf wt. % leaves Petiole ratio leaf wt. 
g/plot dm2/plot glplot g/g mg/cmZ 
4 114 ef* 138 bc 40 cd 35.6 cd 0.56 cd 2.92 ab 
7 158cd 181 b 58 b 3 7 . 0 ~  0.59 c 3.29 a 
8 1 2 8 d e  153 bc 47 bc 37.0 c 0.59 c 3.11 a 
14 135 de 165 b 47 bc 35.5 cd 0.55 cd 2.94 ab 
19 84 fg 167 b 36 cd 45.0 a 0.84 a 2.10 c 
27 1 9 8 a b  290a  74 a 37.9 c 0.62 c 2.62 b 
44 121 e 142 bc 43  c 36.4 cd 0.58cd 3.14a 
*Means in the same column followed by the same letter are not significantly 
different at the 0.05 level according to  Duncan's new multiple range test. 
Table 4. Correlation coefficients between yield and several phy- 
siological and morphological variables measured on 11 alfalfa 
clones in the nonspace-planted study with a closed system in 
1972. 
Parameter r 
Apparent photosynthesis 
Dark respiration 
Post-illumination burst 
Total apparent photosynthesis 
Total dark respiration 
Total post-illumination burst 
Carbon dioxide compensation 
point 
Leaf area 
Leaf weight 
Specific leaf weight 
Leaflet:stem petiole ratio 
-- 
(mg C 0 2  dm-2hour-') 
(mg C 0 2  dm"hour-') 
(mg C 0 2  dm" hour-') 
(mg COZ plant-' hour-') 
(mg C 0 2  plant-' hour-') 
(mg COz plant-' hour-') 
** Significant at the 0.01 level. 
factors evaluated showed significant variation among 
the clones. Leaflet area, percent leaves, leaflet weight, 
and leaflet to stem-petiole ratio, all measurements of 
amount of leaf material/plant, differed significantly 
among the genotypes (Table 3). The higher yielding 
clones exhibited higher LA and LW values than the 
lower yielding clones. Correlation coefficients were 
0.86"" and 0.90"" between yield and LA and LW, 
respectively (Table 4). 
Physiological Variables 
Differences in average apparent photosynthetic rates 
were detected among the five clones in the space-plant- 
ed study during the 1972 growing season (Table 5). 
The lower producing selections, Clones 1 and 3, ex- 
hibited higher photosynthetic rates, 23.3 and 28.6 mg 
CO2 dm-2hour-I respectively, than the higher yield- 
ing selections. However, COz uptake per unit leaf 
area was not correlated with yield (Table 2). These 
data are in agreement with those of Delaney and 
Dobrenz (4) who found that apparent photosynthesis 
expressed as mg COB dm-2hour-1 was not related to 
yield of 13 'Mesa-Sirsa' clones. 
Small differences were noted in dark respiration 
rates and post illumination C02  burst rates, when ex- 
pressed as mg C02 dm-2hour-1 among the five selec- 
tions in the space-planted study (Table 5). Dark respira- 
tion rates and post-illumination GO2 burst rates were 
not correlated with dry matter production of the five 
selections (Table 2). 
In the nonspace planted study, the carbon exchange 
rates evaluated (AP, DR, and PIB), varied signifi- 
cantly among the clones when expressed on a leaf area 
basis (Table 6), but were not related to yield (Table 
4). 
When carbon exchange rates were multiplied by 
the leaf area (LA) and expressed as total carbon ex- 
change per plant (TAP, TDR, TPIB) there were sig- 
nificant differences among the genotypes in both space 
and nonspace-planted studies (Tables 5 and 6). The 
highest yielding plants incorporated more COz per 
plant than the lower yielding plants. Total apparent 
photosynthesis per plant was highly correlated with 
yield in the two studies (r = 0.90"" and r = 0.80**, 
respectively Tables 2 and 4). 
Significant differences in the amount of CO2 re- 
spired/plant in both dark (TDR) and light (TPIB) 
were found among the clones in both studies. Both 
these parameters were significantly correlated with 
yield in the space-planted (r : 0.64"" and r = 0.65**, 
respectively) and nonspace-planted (r = 0.77'" and 
r = 0.71" +, respectively) studies. 
Table 5. .Means of physiological variables measured on five alfalfa clones in the space-planted study in a closed system in 1972. 
Apparent Dark Post-illumination Total apparent Total dark Total post- 
Clone photosynthesis respiration burst photosynthesis respiration illumination burst 
mg C 0 2  dm'hour-' mg C 0 2  plant-' hour-' 
1 23.3 b* 3.6 b 16.4 b 990 c 161 b 732 c 
3 28.6 a 5.3 a 27.1 a 1,022 b 143 b 716 c 
22 21.2 bc 3.3 b 20.1 b 2,673 a 403 a 2,442 a 
29 18.1 c 3.4 b 14.7 b 1,200 b 261 ab 1,041 bc 
39 17.0 c 3.7 b 17.1 b 1,614 ab 349 a 1,708 a 
*Means in the same column followed by the same letter are not significantly different at the 0.05 level according to  Duncan's new multiple range test. 
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Table 6. Means of physiological variables measured on 11 alfalfa clones in the nonspace-planted study with a closed system in 1972. 
Apparent Dark Post-illumination Total apparent Total dark Total post- Carbon dioxide 
Clone photosynthesis respiration burst photosynthesis respiration illuminat~on burst comgensation point 
mg C02 dm'hour -' mg C02 plant-' hour-' P P ~  C02 
4 16.5 ab* 2.3 ab 13.0 abc 234 cd 31 cd 182 de 71 a 
7 16.2 b 2.3 ab 13.3 ab 295 bc 42 bc 254 bc 71 a 
8 15.7 b 2.2 ab 11.3 bcd 242 c 33 cd 175 de 72 a 
14 18.6 a 2.3 ab 12.0 abcd 307 bc 36 cd 205 cd 69 a 
19 11.9 d 1.5 c 9.8 d 221 cd 28  cd 203 cd 75 a 
27 13.1 d 2.0 b 11.3 bed 380 ab 58 a 326 a 72 a 
31 15.5 bc 2.0 b 12.1 abcd 237 cd 30 cd 179 de 70 a 
32 13.5 cd 2.2 ab 10.7 cd 148 d 24 d 119 e 72 a 
37 16.6 ab 2.7 a 13.9 a 416 a 66 a 342 a 72 a 
43 13.3 d 2.0 b 10.1 d 372 ab 53 ab 276 ab 70 a 
44 16.2 b 2.5 ab 13.1 abc 228 cd 34 cd 191 cd ' 70 a 
* Means in the same column followed by the same letter are not significantly different at the 0.05 level according to Duncan's new mult~ple range test. 
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LW, and L/S, accounted for more than 98% of the 
variation in yield. 
DISCUSSION AND SUMMARY 
Genotypic variation in the physiological factors ex- 
isted when expressed on a leaf area basis. However, 
these factors were not correlated with dry matter pro- 
duction. A significant positive association was found 
when these factors were expressed on a rate/plant basis. 
Total C02  exchange surface appeared to be more im- 
portant in determining yield than CO2 exchange/unit 
area. These data support the hypotheses of Yoshida 
(16) and Delaney and Dobrenz (4) that dry matter 
production of a single plant must be correlated with 
the product of leaf area and photosynthesis. 
Morphological factors were more reliable indicators 
of alfalfa production than the physiological factors. 
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